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(54) PERPENDICULAR MAGNETIC HEAD 

(57)Abstract: 

PURPOSE: To make it possible to execute effective writing in high- 
density recording by using iron nitride having a prescribed compsn. as a 
material for the magnetic material part of the magnetic head. 
CONSTITUTION: The iron nitride formed by combining nitrogen with Fe is 
used as a main magnetic pole material in order to generate a large 
magnetic field at the front end of the main magnetic pole of the 
perpendicular magnetic head. Fe16N2 of the iron nitride has a high 
saturation magnetic flux density and its density is about 2.9 x 1 04G. This 
Fe16N2 is obtd. in a relatively short period of time by putting the Fe into 
plasma of nitrogen and regulating a substrate temp., plasma output and 
vacuum degree to adequate values. The saturation magnetic flux density 
increases extremely from 5.0at% nitrogen quantity and is maximized at 
1 1 at.% and is approximated nearly to the value of the Fe16N2 at 1 1at.%. 
Then the effective writing is executed in the high-density recording by 
using the iron nitride contg. 5.0 to 1 2.0at% nitrogen in the magnetic 
material part. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caus d by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The perpendicular magnetic head characterized by using the nitriding iron which contains less than [ more 
than 5.0at%12.0at% ] for nitrogen as a material of the magnetic-substance section of the aforementioned magnetic 
head in the magnetic head of vertical magnetic recording which consists of the magnetic substance which turned the 
magnetic pole in the perpendicular direction to the medium side, and a coil made to generate a magnetic field. 
[Claim 2] For the nitriding iron used as the aforementioned perpendicular magnetic-head material in a claim 1, it 
produces by the method of nitriding Fe film, and the saturation magnetic flux density in a room temperature is more 
than 2.2xl04G2.9xl04G. The high saturation-magnetic-flux-density nitriding **** production method which is the 
following. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the magnetic head for record, especially, is easy to manufacture and 
relates to the magnetic head for vertical magnetic recordings using the main pole material which can make recording 
density high. 
[0002] 

[Description of the Prior Art] Conventionally, there are a level magnetization method which uses the residual 
magnetization of the record medium of a direction level to record intermediation dignity as a signal, and a 
perpendicular magnetization method using the residual magnetization of a direction perpendicular to this as magnetic- 
recording method. The former is a method generally used widely. The latter has two kinds, the main pole excitation 
method which magnetizes a magnetic pole with a direct coil, and the auxiliary magnetic pole excitation method which 
generates a magnetic field using an auxiliary magnetic pole from the background of a substrate, and has much 
invention about these methods. The head for magnetic recording using high saturation magnetic flux density has a 
thing using the main pole of a FeSi system as shown in P219 of the collection (1992) of the 16th Magnetics Society of 
Japan public performance outlines. 
[0003] 

[Problem(s) to be Solved by the Invention] Material, such as nickel-Fe, is used for the perpendicular magnetic head by 
the conventional invention as a main pole material. Moreover, about the method of two kinds of vertical magnetic 
recordings mentioned above, a main pole excitation method writes in, and although it is efficient, since the main pole is 
saturated magnetically, a big magnetic field cannot be generated. On the other hand, although an auxiliary magnetic 
pole excitation method tends to generate a big magnetic field, it is written in, and it has the demerit in which it is 
inferior in respect of efficiency or speed. As for this, the same is said of the case of the FeSi system mentioned above. 
[0004] By using the material which can generate a big magnetic field by main pole material, the purpose of this 
invention enables it to generate a big magnetic field also in a main pole excitation method, and is to offer the magnetic 
head which raised write-in efficiency. 
[0005] 

[Means for Solving the Problem] In this invention, in order to make the main pole point of the perpendicular magnetic 
head as shown in drawing J_ generate a big magnetic field, a large material of saturation magnetic flux density is used 
for main pole material. The matter (it expresses nitriding iron and Fe-N below) which made Fe combine nitrogen as 
such matter is used. It is Fel6N2 to what has high saturation magnetic flux density in nitriding iron. It is. This matter 
has abbreviation 2.9x1 04-G saturation magnetic flux density at a room temperature, and it is the largest by the existing 
matter. However, this matter requires prolonged heat treatment which carries out vacuum evaporationo very slowly 
(0.1 or less A/sec) on a specific substrate called InGaAs and MgO, or reaches in dozens of hours in an ultra-high 
vacuum. However, if Fe is put in into the plasma of nitrogen about the method of producing this matter, in suitable 
substrate temperature, a plasma output, and a degree of vacuum, Fe film can be nitrided in a short time as compared 
with the conventional producing method. Therefore, the nitrogen volume in a film can be measured to XPS. When it 
depends on this, as shown in drawing 2 , saturation magnetic flux density increases from 5at(s)% notably, nitrogen 
volume serves as the maximum at 1 lat(s)%, and it is Fel6N2 mostly. It becomes saturation magnetic flux density 
closely. The nitriding iron to which saturation magnetic flux density was made to increase is producible with this 
condition. Moreover, it is N+ in addition to this method. There is the method of accelerating ion electrically and 
driving in into Fe film, and the same effect is acquired also by this method. By these methods, the effect of saturation- 
magnetic-flux-density elevation is acquired by the nitriding treatment of about 1 hour. Moreover, nitrogen has invaded 
into homogeneity from the film front face from analysis of the nitrogen content cloth of the depth direction. Moreover, 
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thickness of a nitriding iron portion can be set to about 500nm. For this reason, it is utilizable as the perpendicular 
magnetic head. Moreover, the saturation magnetic flux density of the produced nitriding iron is changed by changing 
the conditions of plasma nitriding less than [ more than 1.7xl04G2.9xl04G ]. The saturation magnetic flux density of 
this nitriding iron is about 1 .5 of FeSi more than the double precision of a permalloy. It becomes a twice as many value 
as this, and sufficient magnetic field can be generated also in a main pole excitation method. 

[0006] On the other hand, corrosion resistance is in one of the properties important as a head material. By forming Fe 
by the super-high grade using IBD (ion beam vacuum evaporationo) about tins, there is the method of producing 
corrosion resistance high Fe film, and this can be used. This is the method of ionizing Fe, accelerating, carrying out 
mass separation in electromagnetism by passing the inside of a magnetic field, and forming a specific element on a 
substrate. Fe4N which is a kind of nitriding iron on the other hand If it attaches, it is hard and corrosion resistance is 
higher than Fe. Therefore, it is [ changing plasma conditions in nitriding treatment, and ] Fe4N partially. It can carry 
out. Thus, it is possible to produce the magnetic pole of the perpendicular magnetic head using nitriding iron. 
[0007] 

[Function] the magnetic head of the magnetic substance which turned the magnetic pole in the perpendicular direction 
for the perpendicular magnetic head to the medium side, and the perpendicular magnetization method which becomes 
this from the coil made to generate a magnetic field — setting — as the material of the aforementioned magnetic- 
substance section — N ~ less than [ more than 8.0at%12.0at% ] — it is characterized by using the nitriding iron to 
contain 

[0008] The saturation magnetic flux density in a room temperature is less than [ more than 2.2xl04G2.9xl04G ], and 
the production method of high saturation-magnetic-flux-density nitriding **** used as a perpendicular magnetic-head 
material of the above-mentioned publication is characterized by producing by the method of nitriding Fe film which 
formed membranes beforehand. 
[0009] 

[Example] Hereafter, the example of this invention is explained. 

[0010] this invention relates to using the nitriding iron which has huge saturation magnetic flux density in the portion 
in [ 1-1 ] drawing in a vertical-magnetic-recording head as shown in drawing 1 , and the method of producing such 
nitriding iron. 

[001 1] First, the method of producing this nitriding **** is described. Fundamentally, the method of nitriding Fe film 
is used. The nitriding method has plasma nitriding and an ion implantation method. Hereafter, these nitriding methods 
are shown. First, Fe film was produced on InGaAs, GaAs, MgO, glass, and Si substrate by lOOnm or more thickness 
600nm or less. The substrate performed heat treatment for 5 minutes about 550 degrees in the vacuum tub of ten to 5 
Pa about InGaAs and GaAs, after carrying out washing processing. The film production method is the film produced 
by methods, such as vacuum evaporationo, a spatter, and IBD. In detail, it is as being shown in Table 1 . An ion beam 
vacuum deposition (the IBD method) is the method of forming membranes by 10 - 6 or less Pa of degree of vacuums, 
and lOeV or more ion energy lOOeV or less, and can produce corrosion resistance good Fe film. Here, 56Fe films 
produced by ten to 6 Pa and 50eV were used. 
[0012] 
[Table 1] 
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[0013] The method of plasma nitriding is N2. The method of placing Fe film into plasma atmosphere was used. The 
ultimate vacuum of a plasma generator is about 10 - 4Pa. N2 As for the generating conditions of plasma, N2 gas 
pressure of an output is less than [ more than 400W800W ] in 10 - 2 or more-Pa 101 Pa or less. Like drawin g 3 , the 
place on which Fe film is put on the large part of the magnetic field inclination on the front face of an insulator on the 
electrode for plasma generating, and the sample is put, and the anode located on the about 10cm have the potential 



Page 3 of 3 



difference of 200V. Although Fe film sample temperature changes by the plasma output, it is 200 degrees C or less. 
The nitriding time dependency of magnetization of a nitride is shown in drawin g 4 . It is enough to perform nitriding 
from this result for about 1 hour. A plasma output shows the gas pressure dependency of the saturation magnetic flux 
density in 400W, 600W, and 800W to drawing 5 . As shown in drawing, it turns out with one to 2 Pa gas pressure that 
saturation magnetic flux density Bs takes the maximum. Moreover, it is dependent on the output of plasma and the 
value of saturation magnetic flux density used as the maximal value serves as the maximum at the time of 800W. 
Moreover, saturation magnetic flux density will decrease, if gas pressure increases. This is small Fe3N of saturation 
magnetic flux density stable in crystal in nitriding iron and. It thinks because it generated. The saturation magnetic flux 
density to the nitrogen volume in a film is expressed to drawin g 2 . As shown in this drawing, nitrogen volume 
increases saturation magnetic flux density from 5at(s)% notably, and it becomes the maximum at 1 lat(s)%, and is 
Fel6N2 mostly. It becomes saturation magnetic flux density closely. In the field below more than 1 lat%12at%, 
saturation magnetic flux density tends to fall rapidly. That is, the saturation magnetic flux density in a room 
temperature becomes less than [ more than 2.2x1 04G2.9xl04G ] in the field below more than 1 lat%12at% by VSM 
(oscillating sample type magnetometer). If it becomes the nitrogen content beyond this, saturation magnetic flux 
density will be equivalent to Fe, or will become less than [ it ]. This is for Fe3N described above to generate 
preferentially. 

[0014] As the method of nitriding, it is N+ in addition to the nitriding by plasma. There is the method of accelerating 
ion electrically and driving in into Fe. Nitriding treatment can be performed about Fe of arbitrary thickness by 
adjusting acceleration voltage by 50-150keV about this. Moreover, the number of nitrogen ion per unit area (a dose, 
ions/cm2) is controllable. It is N+ to drawing 6 . The rise of the saturation magnetization of nitriding **** to the dose 
of ion is shown. A dose is between 1013-1015, and it has become that saturation magnetization is going up all over 
drawing, when N of a 1 lat(s)% amount enters to Fe. Such a film changes to Fel6N2 with 200-degree C heat treatment 
among a vacuum. 

[0015] The head of the configuration shown in drawing 1 using nitriding **** of 400nm of thickness produced by such 
method was produced. NiFe was used for up core material. The portion of NiFe takes the structure which enlarged 
thickness and made loss of the amount of magnetic flux smaller than nitriding *** * 
[0016] 

[Effect of the Invention] The perpendicular magnetic head produced by this invention uses nitriding **** with high 
saturation magnetic flux density for material, and can perform writing effective in high-density record. 
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[Drawing 2] 
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[Draw ing 3] 
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[Drawing 4] 
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